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AQUATIC AND WET MARCHANTIOPHYTA,  
CLASS JUNGERMANNIOPSIDA,  




Figure 1.  Scapania undulata and habitat, showing its close adherence to water without necessarily being submerged.  Many of the 




It is interesting that very similar mosaic infection 
patterns in Lophoziaceae and Scapaniaceae add strength 
to the molecular link between the two families (Duckett et 
al. 2006).  Both are in Cephaloziineae. 
Diplophyllum albicans (Figure 2, Figure 12, Figure 
14-Figure 15) 
Distribution 
Diplophyllum albicans (Figure 2, Figure 12, Figure 
14-Figure 15) is an amphi-oceanic species, but rarely 
penetrates away from the oceanic climate (Bakalin & 
Vilnet 2018). 
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Figure 2.  Diplophyllum albicans, an amphi-oceanic species 
of wet cliffs and lake shores as well as fast streams.  Photo by 
Štĕpán Koval, with permission. 
Aquatic and Wet Habitats 
In Scotland, this species sometimes covers the hill lake 
shore rocks (West 1910).  Nichols (1918) reported 
Diplophyllum albicans (Figure 2, Figure 12, Figure 14-
Figure 15) from wet rock cliffs on Cape Breton Island, 
Canada.  But by contrast, Watson (1919) considered the 
species to be associated with fast water.  This is more 
consistent with their habitat on moist stones and rocks in 
the stream beds of the Gory Stolowe Mountains in Poland 
(Szweykowski 1951), on rocks in streams near Lacko in the 
Western Carpathians (Mamczarz 1970), upper and middle 
stream reaches in Harz Mountains of Germany (Bley 
1987), in aquatic habitats of eastern Odenwald and 
southern Spessart with Heterocladium heteropterum 





Figure 3.  Heterocladium heteropterum, a species that may 
accompany Diplophyllum albicans on gravelly river banks.  
Photo by Štĕpán Koval, with permission. 
Other habitats are wet, but not submersed.  In the 
Haute Ardenne rivers in Belgium, Leclercq (1977) found 
Diplophyllum albicans (Figure 2, Figure 12, Figure 14-
Figure 15) on earthy and gravelly substrates of river banks.  
In the British Isles, Orange (2001) found the species on a 
shaded damp rock face by a wooded stream.  In the Upper 
Bureya River of the Russian Far East, Konstantinova et al. 
(2002) reported it from a wet cliff and rocks at the lake 
shore, occurring with Blepharostoma trichophyllum 
(Figure 4), Cephalozia ambigua (Figure 5), Gymnomitrion 
concinnatum (Figure 6), Barbilophozia sudetica (Figure 
7), Marsupella boeckii (Figure 8), M. emarginata subsp. 






Figure 4.  Blepharostoma trichophyllum, a species that may 
accompany Diplophyllum albicans on wet cliffs and lake shore 





Figure 5.  Cephalozia ambigua, a species that may 
accompany Diplophyllum albicans on wet cliffs and lake shore 
rocks.  Photo by Hugues Tinguy, with permission. 
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Figure 6.  Gymnomitrion concinnatum, a species that may 
accompany Diplophyllum albicans on wet cliffs and lake shore 
rocks.  Photo by Michael Lüth, with permission. 
 
 
Figure 7.  Barbilophozia sudetica, a species that may 
accompany Diplophyllum albicans on wet cliffs and lake shore 
rocks.  Photo by Hugues Tinguy, with permission. 
 
 
Figure 8.  Marsupella boeckii, a species that may accompany 
Diplophyllum albicans on wet cliffs and lake shore rocks.  Photo 
by Earth.com, with permission. 
 
Figure 9.  Marsupella emarginata subsp. tubulosa, a species 
that may accompany Diplophyllum albicans on wet cliffs and 




Figure 10.  Fuscocephaloziopsis albescens, a species that 
may accompany Diplophyllum albicans on wet cliffs and lake 
shore rocks.  Photo by Tomas Hallingbäck, with permission. 
Not all of the reported habitats are associated with 
water.  Leach (1930) found them on non-calcareous British 
scree, associated with Racomitrium (Figure 11) species.  In 
southern Chile, Diplophyllum albicans (Figure 2, Figure 
12, Figure 14-Figure 15) occurs on sea cliffs where they are 
subject to seawater spray (Engel & Schuster 1973).  The 
researchers suggest that bryophytes are able to survive the 
salt spray on these cliffs because of high rainfall and forest 
drainage that provide fresh water.  In the humid Queen 
Charlotte Islands, Glime and Hong (2002) found 
Diplophyllum albicans as epiphytes. 
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Figure 11.  Racomitrium heterostichum; members of this 
genus accompany Diplophyllum albicans on non-calcareous 
British scree.  Photo by Jan-Peter Frahm, with permission. 
Physiology 
Clausen (1964) demonstrated the need for water by 
Diplophyllum albicans (Figure 2, Figure 12, Figure 14-
Figure 15).  In experiments, most cells of this species died 
at humidities less than 63% at 20ºC.  Most stream 
environments where this species occurs would rarely reach 
these conditions at this low humidity and this degree of 
heat.  Nevertheless, its tolerance is greater than that of  
Calypogeia arguta (Figure 13). 
 
 
Figure 12.  Diplophyllum albicans in a hydrated state, 
showing the overlapping shoots.  Photo by Hermann Schachner, 
through Creative Commons. 
 
Figure 13.  Calypogeia arguta, a species with poor tolerance 
of low humidity.  Photo by Des Callaghan, with permission. 
Reproduction 
This species is dioicous, limiting its ability to 
reproduce sexually (Schuster 1974).  However, it can 
produce abundant gemmae (Figure 14-Figure 15). 
 
 
Figure 14.  SEM of Diplophyllum albicans leaves with 
gemmae.  Photo courtesy of Jeff Duckett and Silvia Pressel. 
 
Figure 15.  SEM of Diplophyllum albicans gemmae.  Photo 
courtesy of Jeff Duckett and Silvia Pressel. 
Interactions 
That Diplophyllum albicans (Figure 2, Figure 12, 
Figure 14-Figure 15) is a poor competitor has been 
demonstrated in high altitude blanket bogs (Rawes 1983).  
When sheep grazing ceased, this species declined, 
suggesting that the ability of other plant species, especially 
Calluna vulgaris (Figure 16), to increase may have created 
competition against the D. albicans. 
1-3-6 Chapter 1-3:  Aquatic and Wet Marchantiophyta, Order Jungermanniales:  Cephaloziineae 2 
 
Figure 16.  Calluna vulgaris, a species that increases when 
sheep grazing ceases.  Photo by Willow, through Creative 
Commons. 
Diplophyllum albicans (Figure 2, Figure 12, Figure 
14-Figure 15) occurring in mossy ravines is frequently a 
substrate for Myxomycetes (slime molds) (Ing 1983).  The 
nature of this relationship is not known. 
Fungal Interactions 
Like many of the leafy liverworts, Diplophyllum 
albicans (Figure 2, Figure 12, Figure 14-Figure 15) can 
serve as host for the parasitic Ascomycota fungus 
Mniaecia jungermanniae (Figure 17) (Pressel & Duckett 
2006).  Although the fungus does not seem to penetrate the 
cells, its colonization coincides with the formation of giant 
perichaetia and abnormal perianths, conditions that were 
also present in wild populations of Diplophyllum and other 
species.  The association does not appear to cause long-
term damage, although it can cause a local reduction of 
perianth development.  Henderson (1972) concluded that 
this fungus favors moribund (at point of death) 




Figure 17.  Mniaecia jungermanniae on Cephalozia 
bicuspidata;  M. jungermanniae causes enlarged perianths on 
Diplophyllum albicans.  Photo courtesy of Jan Gaisler. 
Biochemistry 
This raises the question of its ability to survive and 
thrive within some plant communities, but not others.  Like 
other liverworts, Diplophyllum albicans (Figure 2, Figure 
12, Figure 14-Figure 15) produces sesquiterpenoids.  Their 
abundance and diversity are evidenced by the discovery of 
six new sesquiterpenoids and two new norsesquiterpenoids 
from three liverworts (Adio & König 2007; see also 
Benešová et al. 1975), with one from Diplophyllum 
albicans.  Asakawa et al. (1979) had already named 
"pungent sesquiterpene lactones" from this species.  All of 
these exhibited inhibitory activity toward germination and 
root elongation in rice husks, suggesting a competitive 
advantage for the slower-growing liverworts. 
Tadesse (2002) found natural plant products in 
Diplophyllum albicans (Figure 2, Figure 12, Figure 14-
Figure 15) that exhibited antifungal activity, but these were 
not tested on Mniaecia jungermanniae (Figure 17).  They 
are known to act against the common fungi Botrytis 
cinerea (Figure 18-Figure 19) and Alternaria solani 
(Figure 20-Figure 21) (Mekuria et al. 1999; Tadesse 2002).  
Saxena and Harinder (2004; Olofin et al. 2013) noted the 
presence of diplophyllin from Diplophyllum albicans.  
This compound is active against human epidermoid 
carcinoma (Ohta et al. 1977). 
 
 
Figure 18.  Botrytis cinerea on tomato; this is a fungus that is 
inhibited by extracts from Diplophyllum albicans.  Photo by Paul 
Bachi, USDA, through Creative Commons. 
 
Figure 19.  Botrytis cinerea a fungus that is inhibited by 
extracts of Diplophyllum albicans.  Photo by Paul Bachi, USDA, 
through Creative Commons. 
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Figure 20.  Alternaria solani causing stem lesions; this 
fungus is inhibited by extracts from the liverwort Diplophyllum 




Figure 21.  Alternaria solani spore.  Photo by Paul Bachi, 
through Creative Commons. 
Diplophyllum taxifolium (Figure 22-Figure 23, 
Figure 29) 
Distribution 
Diplophyllum taxifolium (Figure 22-Figure 23, Figure 
29) is a Northern Hemisphere taxon, mostly from temperate 
and boreal zones in Europe, Asia, Oceania, Alaska, 
Canada, USA (ITIS 2020a).  It extends from Greenland in 
the East southward to Newfoundland, Labrador, Nova 
Scotia, Ontario, Maine, south as far as North Carolina and 
Tennessee and in the west from Alaska, USA, to British 
Columbia and New Brunswick in Canada, southward to 
Washington state in the USA (Redfearn 2008). 
 
Figure 22.  Diplophyllum taxifolium, a Northern 
Hemisphere species that extends southward into the mountains.  It 
occurs on humid and wet rock cliffs, rocky stream banks, and on 
alder hummocks.  Photo by Michael Lüth, with permission. 
 
 
Figure 23.  Diplophyllum taxifolium showing its growth 
habit.  Photo by Hermann Schachner, through Creative Commons. 
Aquatic and Wet Habitats 
On Cape Breton Island, Canada, Nichols (1918) 
reported Diplophyllum taxifolium (Figure 22-Figure 23, 
Figure 29) from rock cliffs associated with streams.  Choi 
et al. (2013) found it on wet cliffs along a stream in a 
mixed conifer-broadleaf forest of Mt. Deogyu National 
Park at 680-1160 m asl in the Republic of Korea.  Here it 
was often in association with Bazzania denudata (Figure 
24) and Calypogeia tosana (Figure 25).  In the Endybal 
River Basin, Yakutia, in Russia, Diplophyllum taxifolium 
occurs on soil of rocky outcrops along stream banks 
(Sofronova & Kopyrina 2016).  It is typically mixed with 
Cephaloziella varians (Figure 26), Marsupella emarginata 
(Figure 27), Scapania crassiretis (Figure 36), and 
Sphenolobus minutus (Figure 28).  In a different region of 
Yakutia (Indigirka River), Diplophyllum taxifolium 
likewise occurred on wet cliffs, but forming less cover than 
some of the other liverwort species (Sofronova 2018).  At 
the Ushkovskii Volcano in Kamchatka, Russia, Bakalin 
(2006) found this species growing between the hummocks 
and on spots of light soil shaded by alder.  In North 
America, Redfearn (2008) found that it occurs at 0-1950 m 
asl on shaded rocks, cliffs, soil banks, humus, and 
frequently along streams. 
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Figure 24.  Bazzania denudata, a species in association with 
Diplophyllum taxifolium on rock cliffs by streams.  Photo by 
Kent Brothers, with permission through UBC Botany website. 
 
 
Figure 25.  Calypogeia tosana, a species in association with 
Diplophyllum taxifolium on rock cliffs by streams.  Photo from 
Digital Museum, Hiroshima University, with permission. 
 
 
Figure 26.  Cephaloziella varians, a species in association 
with Diplophyllum taxifolium on rock cliffs by streams.  Photo 
by Kristian Peters, with permission. 
 
Figure 27.  Marsupella emarginata, a species in association 
with Diplophyllum taxifolium on rock cliffs by streams.  Photo 
by Hermann Schachner, through Creative Commons. 
 
 
Figure 28.  Sphenolobus minutus, a species in association 
with Diplophyllum taxifolium on rock cliffs by streams.  Photo 
by Jan-Peter Frahm, with permission. 
Terrestrial 
Diplophyllum taxifolium (Figure 22-Figure 23, Figure 
29) does occur in habitats that one would expect to get dry 
(Figure 29).  Růžička et al. (2012) reported it from 
periglacial areas in low-altitude scree slopes.  The air 
circulation through these talus slopes creates microclimates 
that have lower temperatures, often experiencing 
temperatures <0ºC during snow-free periods.  These allow 
ice to accumulate year-round, as seen on Kamenec Hill in 
North Bohemia, Czech Republic at only 330 m asl.  These 
habitats serve as refugia for boreal and Arctic bryophytes.  
The slow melt may keep the atmosphere near the ice 
sufficiently moist to provide for the needs of the liverworts. 
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Figure 29.  Diplophyllum taxifolium in a terrestrial habitat.  
Photo by Michael Lüth, with permission. 
Reproduction 
Diplophyllum taxifolium (Figure 22-Figure 23, Figure 
29) is dioicous (Redfearn 2008).  The male and female 
plants typically are in separate patches, resulting in little 
fertilization.  The male plants are smaller.  Hong (1980) 
states that gemmae are abundant, but none of the pictures I 
found showed any. 
Biochemistry 
Diplophyllum taxifolium (Figure 22-Figure 23, Figure 
29) exhibits ent-eudesmanolides and 
entprenylaromadendrones, compounds that provide 
biological activities that may increase its competitive 
ability (Wang et al. 2016).  This species of Diplophyllum 
seems to avoid colonization by fungi (Bidartondo & 
Duckett 2010).  We need to test the effectiveness of these 
secondary compounds in deterring the colonization of 
common liverwort-inhabiting fungi.  These secondary 
compounds do not seem to prevent at least some fungi from 
colonizing this species 
Douinia ovata (Figure 30) 
(syn. = Harpalejeunea ovata) 
Distribution 
Douinia ovata (Figure 30) is a subarctic species, 
distributed on the Pacific coast of North America from 
Alaska, USA, to British Columbia, Canada (Váña 1996).  It 




Figure 30.  Douinia ovata, a species distributed along the 
Pacific coast of North America, the Atlantic side of Europe, and 
Japan.  It is only occasionally submerged.  Photo by Des 
Callaghan, with permission. 
Aquatic and Wet Habitats 
Douinia ovata (Figure 30) is not usually an aquatic 
species, but Watson (1919) reported it as being 
occasionally submerged.  It is among the most common 
species of the Lophoziaceae-Scapaniaceae complex north 
of the tropics (Söderström et al. 2007).  Its occurrence is 
oceanic, suggesting it may be intolerant of a climate with a 
wide variation. 
Adaptations and Reproduction 
Douinia ovata (Figure 30) has a mat life form and is a 
perennial stayer (Miyashita 2013).  It lacks specialized 
asexual reproductive structures. 
Fungal Interactions 
Like Diplophyllum taxifolium (Figure 22-Figure 23, 
Figure 29), Wang and Qiu (2006) found no records of 
fungal associations for this species. 
Saccobasis polita (Figure 31) 
(syn. = Sphenolobus politus) 
Distribution 
Saccobasis polita (Figure 31) occurs in Austria, 
Russian Federation (TROPICOS 2020), North America 
from Alaska to Washington and Colorado, USA (Hong 




Figure 31.  Saccobasis polita, a species from North America 
and northern Europe where it occurs in alpine streams.  Photo by 
Michael Lüth, with permission. 
Aquatic and Wet Habitats 
Watson (1919) reported Saccobasis polita (Figure 31) 
in alpine areas on wet ground associated with Harpanthus 
flotovianus (Figure 32) and Mesoptychia bantriensis 
(Figure 33).  Geissler (1976) similarly reported it from 
alpine streams.  Bakalin (2008) found this species in the 
Nabil'sky Range at 1406 m asl in Russia, where it occurred 
on fine-grained soil along a stream. 
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Figure 32.  Harpanthus flotovianus, a species associated 
with Saccobasis polita in alpine areas on wet ground.  Photo by 
Hermann Schachner, through Creative Commons. 
 
 
Figure 33.  Mesoptychia badensis, a species associated with 
Saccobasis polita in alpine areas on wet ground.  Photo by Štĕpán 
Koval, with permission. 
Reproduction 
In Norway,  Saccobasis polita (Figure 31) plants 
produce gemmae, but these appear to be different from 
those reported elsewhere for the species and appear to 
represent at least a different variety (Damsholdt 1983).  
Jóhannsson (1984) found that ssp. polita is widely 
distributed, but that in Iceland one can find ssp. 
polymorpha as well.  This latter purported subspecies 
produces prolific gemmae there on the sandy lava, differing 
from ssp. polita that prefers stream banks, bogs, and 
otherwise very wet habitats.  But Jóhannsson argues that 
the taxonomic character of gemmae used to separate the 
subspecies does not separate them at all. 
 
Scapania (Figure 34-Figure 158) 
Scapania (Figure 34-Figure 158) presents a number of 
species that occur in or near water.  Vuori et al. (1999) 
noted a number of these in small, pristine streams of the 
Tolvajärvi region in the Russian Karelia. 
Scapania aspera (Figure 34-Figure 35) 
Distribution 
Scapania aspera (Figure 34-Figure 35) is distributed 
throughout Europe, but is also known from subarctic 
eastern Siberia (Borovichev et al. 2016). 
 
 
Figure 34.  Scapania aspera, a European calcicole.  Photo by 
Hermann Schachner, through Creative Commons. 
 
 
Figure 35.  Scapania aspera showing its mat habit.  Photo by 
Hermann Schachner, through Creative Commons. 
Aquatic and Wet Habitats 
Scapania aspera (Figure 34-Figure 35) occurred at a 
spring in Tara River canyon and Durmitor area, 
Montenegro (Papp & Erzberger 2011). 
Reproduction 
Harrington (1966a, b) experimented with Scapania 
aspera (Figure 34-Figure 35) and determined that neither 
spores nor gemmae would germinate in the absence of 
calcium.  Spore germination was even reduced at 10 mg L-1 
calcium.  Borovichev et al. (2016) supported this 
preference for calcareous rock by their discovery of the 
species in Siberia at least 3000 km from the nearest known 
location of the species.  The area is known for its 
calcareous rock outcrops.  It is interesting that the 
molecular distances between these populations and the 
European populations are extremely low. 
Biochemistry 
When Bukvicki et al. (2013) extracted the chemical 
constituents from this species using solid phase micro 
extraction gas chromatography-mass spectrometry, they 
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were able to identify 96 compounds.  These demonstrated 
inhibitory activity against yeast and bacterial strains, with a 
higher zone of inhibition for yeast than for bacteria.  The 
activity against fungi needs ecological investigation.  It is 
possible that these liverworts could interfere with 







Scapania crassiretis (Figure 36) 
(syn. = Scapania nemorea subsp. crassiretis) 
Distribution 
Scapania crassiretis (Figure 36) is a Northern 
Hemisphere species known from Greenland to Colorado, 






Figure 36.  Scapania crassiretis, a species in association 
with Diplophyllum taxifolium on rock cliffs by streams.  Photo 





Aquatic and Wet Habitats 
Vitt and Horton (1979) found Scapania crassiretis 
(Figure 36) on an east-facing shale cliff in the Olgivie 
Mountains in the Yukon, Canada.  Konstantinova and 
Vasiljev (1994) found the species in the Malaya Golaya 
River mouth of southern Siberia, where it occurred on the 
river bank, or rocks at 1100 m asl and was associated with 
Scapania rufidula and Tritomaria exsecta  (Figure 37).  In 
the Lower Golaya River Konstantinova and Vasiljev found 
it on a cliff associated with Sphenolobus minutus (Figure 
28) and Diplophyllum obtusifolium (Figure 38).  
Konstantinova et al. (2002) found the species on the soil 
bank of a small creek and on alpine wet cliffs of the Upper 
Bureya River in the Russian Far East. 
 
Figure 37.  Tritomaria exsecta, a species associated with 
Scapania crassiretis on river banks in southern Siberia.  Photo by 





Figure 38.  Diplophyllum obtusifolium, a species associated 
with Scapania crassiretis on river banks in southern Siberia.  
Photo by Hermann Schachner, through Creative Commons. 
Scapania cuspiduligera (Figure 39, Figure 43-
Figure 44) 
Distribution 
Scapania cuspiduligera (Figure 39, Figure 43-Figure 
44) occurs in the mountains of China (Cao et al. 2003) and 
the Chichibu Mountains of Japan (Inoue 1958).  It is known 
from the Russian Federation (TROPICOS 2020), Europe, 
North America, and South America (ITIS 2020c), but it is 
absent in the tropics (DiscoverLife 2020).  In western 
North America it is Arctic-alpine (Hong 1980).  Puglisi et 
al. (2013) described the species as a circumpolar boreo-
Arctic montane species, but it is very rare in the 
Mediterranean area where it only occurs in Spain, France, 
and Italy. 
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Figure 39.  Scapania cuspiduligera,  a boreo-Arctic 
circumpolar montane species that extends to the Mediterranean 
area.  It can be aquatic, but also prefers calcareous terrestrial 
habitats.  Photo by Dale A. Zimmerman Herbarium, Western New 
Mexico University, with permission from Russ Kleinman and 
Karen Blisard. 
Aquatic and Wet Habitats 
In Finland, Koponen et al. (1995) considered this 
species to be aquatic.  Bosanquet (2020), based on his 
experience in the British Isles, described this as a species 
mostly from upland habitats.  It creeps over Gymnostomum 
aeruginosum (Figure 40) and other mosses that occur in 
crevices in damp, base-rich crags.  Its habitats in Wales 
include drier habitats such as calcareous turf on spoil heaps 
of limestone quarries.  In Scotland, it occurs at sea level on 
the damp ground found in calcareous dunes.  In the 
Machtum-Kelsbaach of Luxembourg, Scapania 
cuspiduligera (Figure 39, Figure 43-Figure 44) occurs in a 
calcareous ravine (Werner & Caspari 2002).  In the Sayan 
Mountains of southern Siberia it occurs in cliff crevices of 
the high mountains, often associated with Blepharostoma 
trichophyllum (Figure 4), but also with Mesoptychia 
gillmanii (Figure 41) and Preissia quadrata (Figure 42) at 




Figure 40.  Gymnostomum aeruginosum; Scapania 
cuspiduligera creeps over this and other species in crevices in 
damp, base-rich crags.  Photo by Bob Klips, with permission. 
 
Figure 41.  Mesoptychia cf. gillmanii, a species that occurs 
with Scapania cuspiduligera in cliff crevices of the high 
mountains.  Photo by Michael Lüth, with permission. 
 
Figure 42.  Preissia quadrata, a species that occurs with 
Scapania cuspiduligera in cliff crevices of the high mountains.  
Photo by Andy Hodgson, with permission. 
In western Canadian montane streams, this species can 
be classified as a restricted terrestrial species (Vitt et al. 
1986), occurring in montane streams and on stream banks 
(Glime & Vitt 1987). 
Reproduction 
Gemmae are common in the genus Scapania, 
including reddish to brownish gemmae in Scapania 
cuspiduligera (Figure 43-Figure 44).   
 
 
Figure 43.  Scapania cuspiduligera with patches of brown 
gemmae on leaves near the tips.  Photo by Hugues Tinguy, with 
permission. 
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Figure 44.  Scapania cuspiduligera gemmae showing their 
2-celled structure.  Photo by Hugues Tinguy, with permission. 
 
Fungal Interactions 
Wang and Qiu (2006) found no records of mycorrhizae 
on Scapania cuspiduligera (Figure 39, Figure 43-Figure 
44).  But in 2010, Bidartondo and Duckett found UK 
populations in association with Sebacina (Figure 45).  It is 
of interest that they found identical fungal DNA from two 
locations; they suggested that this might result from long-






Figure 45.  Sebacina sparassoidea on moss, in a fungus 
genus that forms associations with Scapania cuspiduligera.  
Photo by Dave W., through Creative Commons. 
Scapania hyperborea (Figure 46, Figure 50) 
Distribution 
Scapania hyperborea (Figure 46, Figure 50) is almost 
exclusively Arctic, but it does extend into some alpine 
areas in North America (3900 m in Colorado, USA), but is 
not known from European alpine areas (Schuster 1974). 
 
 
Figure 46.  Scapania hyperborea, an Arctic-alpine species 
that inhabits sunny areas of wetlands.  Photo by Michael Lüth,  
with permission. 
Aquatic and Wet Habitats 
Scapania hyperborea (Figure 46, Figure 50) forms 
golden brown to reddish brown patches or dense mats 
(Figure 46) (Schuster 1974).  In the Arctic it is often 
associated with other wetland bryophytes [Paludella 
squarrosa (Figure 47), Drepanocladus s.l. (Figure 48), 
Gymnocolea inflata (Figure 49), Fuscocephaloziopsis 
albescens (Figure 10), and others] in sunny areas with 
seepage or around rock pools and tarns.  In low-lying 
swales and marshy areas it exhibits vigorous growth, but 
when growing over dead peat the creeping growth can be 






Figure 47.  Paludella squarrosa, an associate of Scapania 
hyperborea in wetlands.  Photo by Hermann Schachner, through 
Creative Commons. 
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Figure 48.  Drepanocladus aduncus; some species of 
Drepanocladus are associates of Scapania hyperborea in 
wetlands.  Photo by Hermann Schachner, through Creative 
Commons. 
 
Figure 49.  Gymnocolea inflata, an associate of Scapania 
hyperborea in wetlands.  Photo by Michael Lüth, with 
permission. 
Koponen et al. (1995) reported Scapania hyperborea 
(Figure 46) as aquatic in Finland.  Choi et al. (2012) report 
it from Russia in hummocky sedge-moss communities and 
wet, peaty roadsides in the tundra zone, ranging from 14 to 
1300 m asl.  Sofronova and Potemkin (2018) report it from 
700-1859 m asl in Russia, growing typically on acid rocks 
in sheltered niches with other leafy liverworts.  In the 
tundra belt it occurs on moist soil on rocky outcrops, also 
associated with other leafy liverworts.  In Sweden, Ohlson 
et al. (1997) found it in old-growth swamp forests. 
Terrestrial 
In the forest and tundra belt of Yakutia, Russia, 
Scapania hyperborea (Figure 46, Figure 50) occurs at 700-
1859 m asl, typically growing on acid rocks (Figure 50) 
and in sheltered niches (Sofronova & Potemkin 2018).  It 
frequently associates with Lophoziopsis excisa (Figure 51), 
Scapania microdonta (Figure 70), Scapania sphaerifera, 
Scapania spitsbergensis, Sphenolobus saxicola (Figure 
52), Sphenolobus minutus (Figure 28), Tetralophozia 
setiformis (Figure 53), and Trilophozia quinquedentata 
(Figure 54). 
 
Figure 50.  Scapania hyperborea, growing here on a dry 
rock.  Photo by Michael Lüth, with permission. 
 
 
Figure 51.  Lophoziopsis excisa, a species that grows with 
Scapania hyperborea at high elevations and in boreal regions.  
Photo from Earth.com, with permission. 
 
 
Figure 52.  Sphenolobus saxicola, a species that grows on 
acid rocks with Scapania hyperborea at high elevations and in 
boreal regions.  Photo by Jean Faubert, with permission. 
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Figure 53.  Tetralophozia setiformis, a species that grows on 
acid rocks with Scapania hyperborea at high elevations and in 





Figure 54.  Trilophozia quinquedentata, a species that grows 
on acid rocks with Scapania hyperborea at high elevations and in 









Scapania irrigua (Figure 55-Figure 56) 
Distribution 
Scapania irrigua (Figure 55-Figure 56) is a widely 
distributed Holarctic species that extends southward to the 
Coniferous Forest Biome and the northernmost edge of the 
Deciduous Forest Biome (Schuster 1974).  It occurs 
throughout Europe, south to England, and is recorded from 
Japan. 
 
Figure 55.  Scapania irrigua, a widely distributed Holarctic 
species that occurs in standing and running water and in bogs and 
in other wet habitats.  Photo by Dale A. Zimmerman Herbarium, 
Western New Mexico University, with permission from Russ 
Kleinman and Karen Blisard. 
 
Figure 56.  Scapania irrigua growing in a mat with mosses.  
Photo by David T. Holyoak, with permission. 
Aquatic and Wet Habitats 
Scapania irrigua (Figure 55-Figure 56) is considered 
by Watson (1919) as occasionally submerged (Watson 
1919).  Geissler (1976) reported it from alpine streams in 
the Swiss Alps; Geissler and Selldorf (1986) noted that it 
occurred with the sedge Baeothryon cespitosum (Figure 
57), but was uncommon with Eleocharis quinqueflora 
(Figure 58) and the moss Paludella squarrosa (Figure 47).  
Koponen et al. (1995) considered it to be aquatic in 
Finland.  Schuster (1974) stated that it is usually associated 
with standing water, although the later observations of 
Geissler would seem to broaden that habitat to running 
water.  It is often in bogs with Sphagnum and Polytrichum 
(Figure 59), occurs on peat at lake margins (Figure 60), can 
withstand pH below 4, and seems to be most frequently 
associated with sunny rock pools (Schuster 1974).  By 
contrast, it also occurs in wet, springy depressions of 
calcareous Thuja swamps (Figure 61) and on moist, loamy 
soil (Schuster 1974).  On the Isle of Arran off the coast of 
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Scotland, Travis (1917) reported this species from wet soil 




Figure 57.  Baeothryon cespitosum, a species that 
accompanies Scapania irrigua in the Swiss Alps.  Photo by 




Figure 58.  Eleocharis quinqueflora, a species where 
Scapania irrigua is an uncommon companion in the Swiss Alps.  
Photo by Max Licher, through Creative Commons. 
 
Figure 59.  Polytrichum commune and Sphagnum habitat 
suitable for Scapania irrigua.  Photo with online permission. 
 
 
Figure 60.  Perrault Fen peat surrounding small lake in the 
Keweenaw Peninsula of Michigan, USA.  Photo by Janice Glime. 
 
 
Figure 61.  Thuja swamp habitat suitable for Scapania 
irrigua.  Photo by Allen Norcross, with permission. 
In central Europe, Scapania irrigua (Figure 55-Figure 
56) forms part of the Cardamino-Montention suballiance 
(Zechmeister & Mucina 1994).  This alliance is comprised 
of Scapania irrigua, Carex frigida (Figure 62), and Luzula 
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alpinopilosa (Figure 63).  These species all have an alpine 
distribution in spring communities. 
 
 
Figure 62.  Carex frigida, a member of the alliance with 
Scapania irrigua in central Europe.  Photo by Michael Kesl, 
through Creative Commons. 
 
Figure 63.  Luzula alpinopilosa, a member of the alliance 
with Scapania irrigua in central Europe.  Photo by Hugues 
Tinguy, through Creative Commons. 
In the Algama River Basin of southeastern Yakutia, 
Russia, Scapania irrigua (Figure 55-Figure 56),  occurs on 
sand between rocks, where it often occurs with Blasia 
pusilla (Figure 64) and Solenostoma confertissimum 
(Figure 65) (Sofronova 2013).  It also occurs on river 
banks, on rotting wood, and in habitats with Gymnocolea 
inflata (Figure 49) and Scapania paludicola (Figure 84-
Figure 88).  In the Franconia Mountains of New 
Hampshire, USA, S. irrigua occurs on the shores of Eagle 
Lake where it is associated with Mylia anomala (Figure 
66), Gymnocolea inflata, and Calypogeia sphagnifolia 




Figure 64.  Blasia pusilla, a species that often occurs with 
Scapania irrigua on sand between rocks.  Photo by Hermann 
Schachner, through Creative Commons. 
 
 
Figure 65.  Solenostoma confertissimum, a species that 
often occurs with Scapania irrigua on sand between rocks.  Photo 
by Hermann Schachner, through Creative Commons. 
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Figure 66.  Mylia anomala with Sphagnum, two taxa that 
often occur with Scapania irrigua.  Photo by Blanka Aguero, 
with permission. 
 
Figure 67.  Calypogeia sphagnifolia.  Photo by Scot Loring, 
through Creative Commons. 
Adaptations 
In bright light, Scapania irrigua can develop brown 
protective pigments (Figure 68).  The gemmae (Figure 69) 
in this species are not as protected as in some species. 
 
 
Figure 68.  Scapania irrigua showing a brown form.  Photo 
by J. C. Schou, with permission. 
 
Figure 69.  Scapania irrigua gemmae showing thin walls.  
Photo by Hugues Tinguy, with permission. 
Biochemistry 
Scapania irrigua (Figure 55-Figure 69) is among the 
many bryophytes that have been tested for secondary 
compounds.  Zhang et al. (2015) have identified 
diterpenoids that are active against some human cancer cell 
lines.  Although many liverworts have exhibited anti-
cancer properties, the medical and pharmaceutical 
professions have done little to pursue this ability as an 
actual treatment. 
Scapania microdonta (Figure 70) 
Distribution 
Scapania microdonta (Figure 70) has an amphi-
Pacific distribution (Kuznetsova et al. 2010) in the Arctic 
and subarctic of North America and Asia (Wagner 2017). 
Aquatic and Wet Habitats 
Scapania microdonta (Figure 70) occurs on shaded 
rocks, cliffs, and crevices in gravelly barrens (Wagner 
2017).  Konstantinova et al. (2002) reported it from a wet 
cliff on the south-facing slopes and rocks on the lake shore 




Figure 70.  Scapania microdonta (herbarium specimen), a 
species that can occur on wet cliffs and lake shores.  Photo by 
CBG Photography Group, through Creative Commons. 
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In the forest and tundra belt of Yakutia, Russia, 
Scapania microdonta (Figure 70) occurs at 700-1859 m 
asl, typically growing on acid rocks and in sheltered niches 
(Sofronova & Potemkin 2018).  It frequently associates 
with Lophoziopsis excisa (Figure 51), Scapania 
hyperborea (Figure 46-Figure 50), Scapania sphaerifera, 
Scapania spitsbergensis, Sphenolobus saxicola (Figure 
52), Sphenolobus minutus (Figure 28), Tetralophozia 
setiformis (Figure 53), and Trilophozia quinquedentata 
(Figure 54).  It seems to rarely be in wet habitats. 
Scapania nemorea (Figure 71-Figure 79) 
(syn. =  Scapania nemorosa, Scapania nemorosa var. 
uliginosa) 
Distribution 
Scapania nemorea (Figure 71-Figure 79) occurs from 
Europe to Asia, south to Oceania, and in North America 
from Alaska to the continental USA to Hawaii (UNB 
2020).  This seems inconsistent with the amphi-Atlantic 
distribution given by Kuznetsova et al. (2010).  In fact, 
Schuster (1974) puts it  mostly in temperate regions, but 
extending northward in Europe to Sweden, Norway, and 
Finland and in North America as far south and inland as 
Louisiana.  In much of its range it is the most ubiquitous 
species of Scapania (Schuster 1974). 
 
 
Figure 71.  Scapania nemorea, a Northern Hemisphere 
species, south to Hawaii, but mostly temperate.  It is typical in 
moist habitats in a zone above Scapania undulata (Figure 125-
Figure 136).  Photo by Hermann Schachner, through Creative 
Commons. 
 
Figure 72.  Scapania nemorea showing a lighter color form.  
Photo by Rick Ballard, through Creative Commons. 
 
Figure 73.  Scapania nemorea with apical gemmae.  Photo 
by Blanka Aguero, with permission. 
Aquatic and Wet Habitats 
Koponen et al. (1995) found Scapania nemorea 
(Figure 71-Figure 79) to be aquatic in Finland.  It occurs 
along rivers (Figure 74) and on wet or moist cliffs of 
ravines in Connecticut, USA.  On Cape Breton Island, 
Canada (Nichols 1918) and in the Appalachian Mountains, 
USA (Glime 1968), it is likewise associated with streams.  
In New Hampshire, USA, it occurs on rocks that are 
normally above the water level in a headwater stream 
(Glime 1970).  In the Haute Ardenne rivers of Belgium it 
occurs on earthy and gravelly substrates on river banks 
(Leclercq 1977).  It is rare in upstream reaches in the Harz 
Mountains of Germany (Bley 11987).  In marshes it is 
usually associated with fast water (Watson 1919).  Coroi et 
al. (2004) considered to be a diagnostic streamside species 




Figure 74.  Scapania nemorea growing just above the water 
level.  Photo by Bernd Haynold, through Creative Commons. 
But it can also occur in less aquatic habitats.  At the 
Flume of Franconia Notch, New Hampshire, USA, it 
occurs on bedrock near the stream edge, on the flume wall, 
and on ledges in the flume (Glime 1982).  Cleavitt (1996) 
likewise found it to be common growing on moist rock 
ledges in the White Mountain National Forest, New 
Hampshire, as well as on rocks in streams. 
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In the northwestern European region of Russia, 
Potemkin (2018) found it with Calypogeia fissa (Figure 75) 
both in a rock crevice with seepage and on soil in a rock 
fissure with seepage.  In the alder swamps of southern 
Sweden, Darell and Cronberg (2011) found it only close to 
the ground on "stools" and stones where it was both humid 
and shaded; they did not find it in streams, but only on their 
banks, as well in flooded black alder stools.  Thus, it occurs 
not only on rocks in streams, but also in moist habitats such 
as on moist rocks, moist rotting logs, and loam or clay on 
stream banks (UNB 2020). 
 
 
Figure 75.  Calypogeia fissa, a species that occurs with 
Scapania nemorea in a rock crevice with seepage and on soil in a 
rock fissure with seepage.  Photo by Hermann Schachner, through 
Creative Commons. 
In my own experience, this species occurred in 
association with Appalachian Mountain streams, but it was 
always in less wet locations than was Scapania undulata 
(Figure 125-Figure 136), especially when it was only 
centimeters away.  Weber (1976) reported similar moisture 
relationships, with S. undulata in Cataracts Provincial 
Park, Newfoundland, Canada, being confined to submerged 
or emergent rocks and S. nemorea (Figure 71-Figure 79) 
growing optimally in the inundation zone – a narrow strip 
along the river that is submerged only periodically (Figure 
76).  There S. nemorea is also part of the rich bryophyte 




Figure 76.  Scapania nemorea on rock, near Swallow Falls 
Park, Maryland, growing just above water level.  Photo by Janice 
Glime. 
Scapania nemorea (Figure 71-Figure 79) is 
calciphobic (Nichols 1916).  Dulin (2008) described it as a 
rare nemoral (inhabiting woods or groves) amphi-oceanic 
species that was confined to rare substrates on the bank of 
the Bolshaja Khozja River in the Komi Republic of Russia.  
Adlassnig et al. (2013) found that this species formed lush 
carpets in a metal-contaminated site in Salzburg, Austria, 
where the substrate was the acidic soil of a spoil heaps on 
both banks of Brown Creek. 
Reproduction 
Reproduction by gemmae (Figure 77) is likely to be 
important in this species.  Laaka-Lindberg et al. (2003) 
considered size of propagules to be important in 
determining the number produced.  Scapania nemorea 
(Figure 71-Figure 79) typically produces up to 500-700 
one-celled gemmae per leaf (Figure 77-Figure 79), whereas 
Radula complanata (Figure 80) produces multicellular 




Figure 77.  Scapania nemorea with gemmae at the shoot 
tips.  Photo by William Schachner, through Creative Commons. 
 
Figure 78.  Scapania nemorea gemmae, showing how 
numerous they are.  Photo by Dick Haaksma, with permission. 
 
Figure 79.  Scapania nemorea gemmae.  Photo by Dick 
Haaksma, with permission. 
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Figure 80.  Radula complanata with multicellular gemmae 
on leaf margin.  Photo by Dale A. Zimmerman Herbarium, 
Western New Mexico University, with permission from Russ 
Kleinman and Karen Blisard. 
 
 
Figure 81.  Radula complanata multicellular gemmae.  
Photo by Blanka Aguero, with permission. 
Nevertheless, this species produces sporophytes 
(Figure 82), indicating successful sexual reproduction, as 




Figure 82.  Scapania nemorea, near Swallow Falls Park, 
Maryland, USA, showing capsules with water nearby. 
Fungal Interactions 
We know from the work of Egertová et al. (2016) that 
Mniaecia jungermanniae (Figure 17) is a bryophyte-
loving ascomycetous fungus that occurs on Scapania 
nemorea (Figure 71-Figure 74, Figure 76), although this 
fungus is more common on another member of the 
Scapaniaceae, Diplophyllum albicans (Figure 2, Figure 
12, Figure 14-Figure 15).  All of the locations where the 
association occurred had acidic bedrock and included 
sandstone, granite, and phyllite.  These were typically in 
the shade of coniferous or broad-leafed forests where there 
was a rich liverwort cover. 
Biochemistry 
Knowledge of biochemistry can help us to separate 
difficult taxa.  In 1981, Zehr undertook the investigation of 
variation in Scapania nemorea (Figure 71-Figure 79).  He 
found that variation of terpenes correlated with the 
substrate, suggesting a potential plastic adaptation to the 
habitat.  These results also indicate that terpene constituents 
are not suitable for demarcating species or lower levels of 
classification in Scapania. 
Scapania nemorea (Figure 71-Figure 79) produces 
volatile compounds such as sesquiterpenes that exhibit 
antimicrobial activity against the common yeast, 
Saccharomyces cerevisiae (Figure 83) (Bukvicki et al. 
2014).  Whereas these studies were conducted to consider 
the potential for preservation of foods, we need to examine 
their importance in determining the ability of these 
liverworts to survive in wet habitats that could be otherwise 




Figure 83.  Saccharomyces cerevisiae (yeast) SEM.  Photo 
by Mogana Das Murtey and Patchamuthu Ramasamy, through 
Creative Commons. 
On the one hand, it is good news that bryophytes may 
help us to solve both cancer problems and food 
preservation, but this can be bad news for the bryophytes.  
Studlar and Peck (2007) considered not only the harvesting 
of the bryophytes for various uses, especially horticultural, 
but also the incidental species that often are harvested with 
them, to be detrimental to their success.  They considered 
Scapania nemorea (Figure 71-Figure 74, Figure 76) to be 
only a facultative aquatic and expressed concern regarding 
its incidental harvesting in mesic habitats. 
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Scapania paludicola (Figure 84-Figure 88) 
Distribution 
Scapania paludicola (Figure 84-Figure 88) is 
circumboreal and circumpolar (Schuster 1974).  In North 
America, it extends southward to New York and Michigan 
in the eastern USA and from Alaska, USA, through the 
Northwest Territories, Yukon, and Alberta in Canada, 
south to Montana, USA (Hong 1980).  In Eurasia it extends 
from central Europe northward to Scandinavia and 
eastward to Russia and Siberia, reaching Japan in the south 
and Iceland in the north. 
 
 
Figure 84.  Scapania paludicola, a species that is 
circumboreal and circumpolar, extending southward into the 
mountains.  Photo by Jan-Peter Frahm, with permission. 
 
 
Figure 85.  Scapania paludicola in a common upright 
growing position.  Photo by Michael Lüth, with permission. 
Aquatic and Wet Habitats 
Scapania paludicola (Figure 84-Figure 88) is almost 
completely restricted to bogs (or poor fens; Figure 88), but 
in the tundra it can occur on wet granite rocks, especially at 
the margins of pools and shallow lakes (Schuster 1974).  In 
these habitats it typically occurs with other liverworts.  In 
peat bogs it is sometimes submerged, but it also grows 
among Sphagnum (Figure 59) where it is barely above the 
water level.  In shaded spots, it is green, but in sunny spots 
it is purplish black to copper red.  It seems to prefer a pH of 
5.5 or lower, occurring widely in granitic mountain areas.  
Geissler and Selldorf (1986) found it associated with Carex 
goodenoughii and uncommonly with Eleocharis 
quinqueflora (Figure 58) in moors of Switzerland.  
Scapania paludicola (Figure 84-Figure 88) occurs in the 
Upper Karasu River, Turkey, at 1850 m and in a swampy 
meadow near a pool (Konstantinova & Vasiljev 1994).  
Sofronova (2018) reported S. paludicola from 500 to 1200 
m asl along the upper course of the Indigirka River, eastern 
Yakutia, Russia, where it was present on the soil of grass 
mires and on brook and river banks.  Color forms vary 
(Figure 87-Figure 88). 
 
 
Figure 86.  Scapania paludicola, Perrault Fen (poor fen), 
Michigan, USA.  Photo by Janice Glime. 
 
 
Figure 87.  Scapania paludicola illustrating green color and 
growth habit.  Photo by David T. Holyoak, with permission. 
 
 
Figure 88.  Scapania paludicola showing a dark brown form.  
Photo by Michael Lüth, with permission. 
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Scapania paludosa (Figure 89-Figure 92) 
Based on his studies on the isozymes of a number of 
Scapania species, Zehr (1981) concluded that Scapania 
paludosa (Figure 89-Figure 92) should be combined with 
Scapania uliginosa (Figure 103-Figure 109).  Söderström 
et al. (2016) have not recognized this combination, so I 
shall maintain separate discussions for these two species. 
Distribution 
Scapania paludosa (Figure 89-Figure 92) seems to be 
either rare or infrequent in alpine and subalpine areas and 
has a restricted distribution (Schuster 1974).  It is Holarctic, 
mostly in the Spruce-Fir Biome and southern tundra.  In 
Europe it occurs in the Alps, north to Scandinavia and east 
to Siberia; it also occurs in Iceland, Greenland, and Japan.  
In North America it extends from Alaska south to Oregon 
in the west and in the east on Isle Royale, Michigan, USA, 






Figure 89.  Scapania paludosa, a Holarctic species that is 
mostly restricted to alpine rills and springs.  Photo by Hermann 
Schachner, through Creative Commons. 
 
 
Figure 90.  Scapania paludosa in a wet habitat such as a 
spring.  Photo by Michael Lüth, with permission. 
Aquatic and Wet Habitats 
Koponen et al. (1995) listed Scapania paludosa 
(Figure 89-Figure 92) as an aquatic species in Finland.  The 
habitat differs from that of Scapania paludicola (Figure 
84-Figure 88) by the occurrence of S. paludosa restricted 
to alpine rills and springs (Figure 91-Figure 92), but not 
swift streams (Schuster 1974).  It attaches to rocks, sticks, 
or stones and may be submerged or submersed in the 
spring.  But it can also occur in alpine bogs.  It frequently 
associates with other members of the genus.  It can also 
occupy stones in snow-water brooks. 
 
 
Figure 91.  Scapania paludosa growing at the side of a 
spring or rill with tracheophytes encroaching into the mounds of 
liverworts.  Photo by Hermann Schachner, through Creative 
Commons. 
 
Figure 92.  Scapania paludosa showing the density its mats 
can form.  Photo by Hermann Schachner, through Creative 
Commons. 
Shacklette (1965) found that the stems of Scapania 
paludosa (Figure 89-Figure 92) on Yakobi Island, Alaska, 
USA, could become intertwined to a degree that could dam 
the swift mountain rivulet, causing a series of terraced 
pools.  The liverworts are able to close the pool surface, 
permitting tracheophytes to invade the mat.  Lepp (2012) 
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reported it from the edges of a small stream through a steep 
ravine in Alaska.  Sjörs and Een (2000) found Scapania 
paludosa in numerous springs in Muddus National Park in 
northern Sweden.  Likewise, Smieja (2014) reported 51 
taxa of liverworts at springs in the Polish Tatra Mountains.  
Among these, Scapania paludosa finds its optimum 
ecology in the crenic (referring to a spring and brook water 
flowing immediately from it) habitats.  Figure 95-Figure 96 
show the preferred temperatures, altitude, and water pH 
that make these alpine habitats suitable for the species, 
where it is entirely restricted to bryophyte-dominated 
springs, forming extensive, swollen turfs.   
 
 
Figure 93.  The temperature range of Scapania paludosa in 
the Tatra National Park springs, where it occurs in the upper 
montane zone.  Black bars represent bryophytes; gray bars 
represent tracheophytes.  Modified from Smieja 2014. 
 
 
Figure 94.  The distribution and temperature range of 
Scapania paludosa in the Tatra National Park springs.  Black bars 
represent bryophytes; gray bars represent tracheophytes.  
Modified from Smieja 2014. 
 
Figure 95.  The distribution and habitat range of Scapania 
paludosa in the Tatra National Park springs, where it occurs in the 
upper montane zone.  Black bars represent bryophytes; gray bars 
represent tracheophytes.  Modified from Smieja 2014. 
Scapania rigida (Figure 97-Figure 96) 
(syn. = Scapania rigida fo. minor) 
Scapania rigida (Figure 97-Figure 96) seems to be a 
little-known species with almost no published information.  
The only information I have found is that of Ruttner 
(1955), who considered it to be among aquatic liverworts 





Figure 96.  Scapania rigida growing on a branch.  Photo by 
Naufalurfi, through Creative Commons. 
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Figure 97.  Scapania rigida growing as an epiphyte.  This is  
a little-known tropical species known from the wall of a bay.  






Scapania rufidula is a species with the narrow 
distribution of Europe and northern Asia, i.e. in Siberia 
(Steere 1954; ITIS 2020d). 
Aquatic and Wet Habitats 
Scapania rufidula occurs on soil banks of small creeks 
and rivers of Upper Bureya River (Russian Far East) 
(Konstantinova et al. 2002).  In the Indigirka River of 
eastern Yakutia, Russia, S. rufidula is the most frequently 
occurring liverwort and occurs on the banks of small 
brooks, on numerous rock outcrops, and in rock fields 
(Sofronova 2018).  In southern Siberia in the Sayan 
Mountains, S. rufidula occurs at the Malaya Golaya River 
mouth at 1100 m asl on rocks of the stream bank 
(Konstantinova & Vasiljev 1994).  Here it is associated 
with Scapania crassiretis (Figure 36).  In the Lower 
Malaya Golaya River, it occupies soil deposits on river 
bank rocks, as well as occurring in rock fields and on rocks 
covered with humus.  In the latter habitat it is often mixed 





Scapania subalpina (Figure 98-Figure 102) 
Distribution 
Scapania subalpina (Figure 98-Figure 102) is a 
montane and alpine species with a circumboreal 
distribution (Gesierich & Rott 2004).  It occurs from 
California and Colorado, USA, northward to Alaska 
(Schuster 1974).  In Europe it occurs from the Alps and 
Pyrenees northward to Scandinavia, Siberia, and Iceland.  It 
also occurs in alpine areas of Japan. 
 
Figure 98.  Scapania subalpina, a circumboreal alpine and 
montane species that is facultatively aquatic in streams, springs, 
cascades, and other wet areas.   Photo by Michael Lüth, with 
permission. 
 
Figure 99.  Scapania subalpina showing its growth habit.  
Photo by Andy Hodgson, with permission. 
 
Figure 100.  Scapania subalpina showing various color 
forms.  Photo by Michael Lüth, with permission. 
Aquatic and Wet Habitats 
Koponen et al. (1995) reported Scapania subalpina 
(Figure 98-Figure 102) as aquatic in Finland, although 
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Virtanen (1995) considered it to be a facultative aquatic 
liverwort in Finland.  Ferreira et al. (2008) reported it from 
rivers.  Gesierich and Rott (2004) considered it to be a 
montane species on moist and wet earth (Figure 101) in the 
catchment of a glacial stream in Austria.  There they 
considered it to be potentially endangered in the perialpine 




Figure 101.  Scapania subalpina growing with a variety of 
other species.  Photo by Michael Lüth, with permission. 
The ecology of Scapania subalpina (Figure 98-Figure 
102) is similar to that of Scapania undulata (Figure 125-
Figure 136) (Schuster 1974).  This restricts it mostly to wet 
ledges, borders of rocky springs, cold streams, and 
cascades.  It lives where it is kept wet at all times either by 
high humidity or by spray.  However, it avoids locations 
where it is permanently submerged.  It seems to prefer 
shaded, acid rocks (Figure 102), although it can occur on 
weakly basic rocks.  Watson (1919) ascribed to it a habitat 
of gravelly detritus associated with fast water. 
 
 
Figure 102.  Scapania subalpina growing in a habitat that 
can dry out.  Photo by Jean Faubert, with permission. 
Physiology 
In experiments, Scapania subalpina (Figure 98-Figure 
102) from Greenland tolerated temperatures down to -10ºC 
in ice for 34 days (Clausen 1964).  In the same set of 
experiments, it withstood 1 day in ice at -40ºC, likewise 
with no cellular damage.  It was among the most cold-
tolerant species in the experiments on the 32 liverwort 
species tested. 
Reproduction 
Schuster (1974) reports that Scapania subalpina 
(Figure 98-Figure 102) commonly produces gemmae but 
rarely produces capsules. 
Scapania uliginosa (Figure 103-Figure 109) 
(syn. = Scapania obliqua) 
Distribution 
Scapania uliginosa (Figure 103-Figure 109) has a 
restricted range in Arctic-alpine areas, extending from the 
European Alps to northern Scandinavia (Schuster 1974).  
Although it is frequent in Iceland and Greenland, it is not 
known from Spitzbergen.  In North America it extends 




Figure 103.  Scapania uliginosa is restricted to Arctic-alpine 
areas where it grows in streams and small lakes.  Photo by Jan-
Peter Frahm, with permission. 
 
Figure 104.  Scapania uliginosa showing its upright growth 
habit.  Photo by Michael Lüth, with permission. 
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Figure 105.  Scapania uliginosa showing a brown form with 
fist-like branch apices.  Photo by Dick Haaksma, with permission. 
Aquatic and Wet Habitats 
Watson (1919) reported Scapania uliginosa (Figure 
103-Figure 109) from alpine or subalpine areas where it 
grows submersed in fast water.  Geissler (1975, 1976) 
supported this description by reporting it from European 
alpine streams.  Kozlowski et al. (2017) reported that 
Scapania uliginosa was among the bryophytes covering 
stream bottoms in streams of Tatra National Park in 
Poland.  Likewise, other researchers reported that Scapania 
uliginosa grows in streams (Dohnal 1950; Sykora & Hadac 
1984).   
But this species, while apparently needing a steady 
water supply [Koponen et al. (1995) considered it to be 
aquatic in Finland], does not always grow in streams.  
Light (1975) found it in small lakes in the Scottish 
mountains, where the lakes are covered with ice 4-7 
months a year and the ion concentration is low.   
In high mountains Scapania uliginosa (Figure 103-
Figure 109) is restricted to seepage-moistened rocks or cold 
springs and streams (Figure 106-Figure 108) (Schuster 
1974).  It sometimes occurs on stony, marshy ground in 
cold regions of high altitude or latitude (Figure 109).  
Schuster describes the species as occurring in large, 
swelling tufts at the sides of alpine rills, the types of sites 
where one might find Scapania undulata (Figure 125-
Figure 136), S. paludosa (Figure 89-Figure 92), 
Marsupella aquatica (Figure 110), and M. sphacelata 
(Figure 111).  Scapania uliginosa (Figure 103-Figure 109) 
occurs in sites that remain submerged for at least part of the 
year and apparently avoids calcareous rocks.  Cantonati and 
Lange-Bertalot (2011) reported that S. uliginosa was the 
dominant substrate for diatoms from springs in Nature 
Parks of the south-eastern Alps. 
 
 
Figure 106.  Scapania uliginosa in an alpine seepage.  Photo 
by Michael Lüth, with permission. 
 
Figure 107.  Scapania uliginosa, shown here in the middle, 
joins other bryophytes and a saxifrage in a seepage area.  Photo by 
Michael Lüth, with permission. 
 
Figure 108.  Scapania uliginosa in a seepage area.  Photo by 
Michael Lüth, with permission. 
 
Figure 109.  Scapania uliginosa in a marshy habitat.  Photo 
by Michael Lüth, with permission. 
 
Figure 110.  Marsupella aquatica, a species that occurs on 
the sides of alpine rills similar to the ones to occupied by 
Scapania uliginosa.  Photo by Barry Stewart, with permission. 
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Figure 111.  Marsupella sphacelata, a species that occurs on 
the sides of alpine rills similar to the ones to occupied by 
Scapania uliginosa.  Photo by Hermann Schachner, through 
Creative Commons. 
 
In Sweden, Sjörs and Een (2000) found this species in 
springs.  In the Upper Tissa River of southern Siberia, 
Konstantinova and Vasiljev (1994) found S. uliginosa 
(Figure 103-Figure 109) on the stream bank in a Larix 
forest (Figure 112).  Here it occurred with the leafy 
liverworts Blepharostoma trichophyllum subsp. brevirete 
(Figure 113), Mesoptychia heterocolpos (Figure 114), 
Lophoziopsis excisa (Figure 51), Scapania subalpina 
(Figure 98-Figure 102), and Trilophozia quinquedentata 
(Figure 54).  Geissler (1982) reported Scapania uliginosa 
growing in deep and sometimes overflowing spring fens.  
In an alpine catchment in Austria, Gesierich and Rott 
(2004) considered it to be potentially endangered, a case 
where extinction would greatly alter the fens where it is 
one of two dominant liverworts.  They surmised that it 




Figure 112.  Larix forest, a suitable habitat for Scapania 
uliginosa on a stream bank.  Photo through public domain. 
 
Reproduction 
Although this plant apparently produces gemmae in 
Scotland, gemmae appear to be rare throughout the Arctic-
alpine range (Aleffi 1992). 
 
Figure 113.  Blepharostoma trichophyllum subsp. brevirete, 
a species that occurs with Scapania uliginosa on stream banks.  
Photo by Hugues Tinguy, with permission. 
 
 
Figure 114.  Mesoptychia heterocolpos, a species that occurs 
with Scapania uliginosa on stream banks.  Photo by Blanka 
Aguero, with permission. 
Physiology 
Scapania uliginosa (Figure 103-Figure 109) exhibits a 
degree of tolerance to a variety of heavy metals.  Samecka-
Cymerman et al. (1991) found this species to contain up to 
a maximum in mg kg-1 dry plant weight of 518 B, 418 Ba, 
16 Cd, 180 Co, 119 Cr, 292 Cu, 11 Li, 10,700 Mn, 694 Mo, 
243 Ni, 464 Pb, 955 Sr, 123 V, and 2067 Zn in Sudetan 
streams of Poland and Ardennes streams in Belgium and 
western Germany.  Whitton (2003) likewise chose this 
liverwort for monitoring heavy metals in fresh water. 
Role 
Egorov (2007) examined the ability of associated 
Cyanobacteria (Figure 115) to fix nitrogen.  The 
biological assimilation of atmospheric nitrogen by such 
microorganisms associated with Scapania uliginosa 
(Figure 103-Figure 109) during the growing period was 0, 
compared to 0.09 mg cm-2 on a species of the moss Bryum 
(Figure 116).  This is somewhat surprising to me due to the 
wet habitats where this liverwort is found. 
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Figure 115.  Nostoc, one of the Cyanobacteria that occur on 
bryophytes and can fix nitrogen.  Photo by Proyecto Agua, 
through Creative Commons. 
 
Figure 116.  Bryum capillare; some members of the genus 
Bryum support nitrogen-fixing Cyanobacteria.  Photo by 
Michael Becker, through Creative Commons. 
Scapania umbrosa (Figure 117-Figure 124) 
Distribution 
Scapania umbrosa (Figure 117-Figure 124) ranges 
from Lapland southward to the Azores, Russia, and 
Scotland, but it is unknown in Asia (Schuster 1974).  In 
North America it occurs on both coasts but is rare further 
inland.  It extends from Alaska south to California and 
from Newfoundland and Labrador to New York. 
 
 
Figure 117.  Scapania umbrosa, a species from coastal 
regions of the Northern Hemisphere where it occurs in moist 
habitats, but only occasionally submerged.  Photo by Michael 
Lüth, with permission. 
 
Figure 118.  Scapania umbrosa showing leaf folds.  Photo 




Figure 119.  Scapania umbrosa showing a moist, pale color 




Figure 120.  Scapania umbrosa showing the upright habit 
and claw-like tips.  Photo by Hugues Tinguy, with permission. 
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Figure 121.  Scapania umbrosa showing a drier and darker 
appearance.  Photo by Hermann Schachner, through Creative 
Commons. 
Aquatic and Wet Habitats 
Schuster (1974) considers Scapania umbrosa (Figure 
117-Figure 124) to be restricted to locations where it is 
continually moist.  These can include decaying, damp, 
shaded logs (Figure 122) or moist rocks.  It is known from 
both igneous rock and calcareous or noncalcareous 
sandstone.  Watson (1919) noted that it was occasionally 
submerged.   
 
 
Figure 122.  Scapania umbrosa on decaying wood.  Photo 
by Hermann Schachner, through Creative Commons. 
In Russia, Choi et al. (2012) reported Scapania 
umbrosa (Figure 117-Figure 122) from fine-grained soil on 
wet roadsides in the dark coniferous forest belt, ranging 60-
1400 m alt.  At Eagle Lake in the Franconia Mountains, 
New Hampshire, USA, Scapania umbrosa similarly 
occurred along the trail above 915 m, in this case on wet 
rocks (Lorenz 1908). 
Reproduction 
Gemmae in this species are apical and 2-celled (Figure 
123-Figure 124). 
 
Figure 123.  Scapania umbrosa with apical gemmae.  Photo 
by Hermann Schachner, through Creative Commons. 
 
 
Figure 124.  Scapania umbrosa gemmae.  Photo by 
Hermann Schachner, through Creative Commons. 
Fungal Interactions 
Bidartondo and Duckett (2010) reported that the 
fungus Sebacina (Figure 45) associates with this species. 
Scapania undulata (Figure 125-Figure 136) 
(syn. = Martinellius undulata, Plagiochila undulatum, 
Pleurozia cochleariformis, Scapania dentata, Scapania 
intermedia) 
Distribution 
Scapania undulata (Figure 125-Figure 136) is 
distributed widely throughout the Arctic, southward on 
high mountains (Schuster 1974).  In eastern North America 
it extends southward in the Appalachian Mountains into the 
Mixed Mesophytic Forest and the Hemlock-Hardwoods 
Forest.  In western North America it extends from Alaska 
and the Yukon southward to California.  In the Rocky 
Mountains it extends southward to New Mexico.  In the 
Eastern Hemisphere it extends from Europe to North 
Africa, Korea, and Japan. 
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Figure 125.  Scapania undulata, a species widely distributed 
throughout the Arctic, southward on high mountains.  This species 
is predominantly aquatic, occurring in both streams and lakes, but 
also on banks where it is usually wet.  Photo by Florent Beck, 
through Creative Commons. 
 
 
Figure 126.  Scapania undulata showing its growth habit.  
Photo by Hermann Schachner, through Creative Commons. 
 
 
Figure 127.  Scapania undulata showing shoot apices.  
Photo by David T. Holyoak, with permission. 
 
Figure 128.  Scapania undulata with only the shoot apices 
emergent.  Photo by Michael Lüth, with permission. 
Aquatic and Wet Habitats 
Of all the aquatic liverworts, Scapania undulata 
(Figure 125-Figure 136) seems to be the most widespread 
and abundant.  Because of its widespread importance, I will 
provide more detail on its ecology.  Scapania undulata 
ranges from hydric to almost xeric (Schuster 1974).  In the 
Haute Ardenne rivers of Belgium, it is strictly aquatic 
(Leclercq 1977).  Satake (1983) likewise reported it as 
aquatic from Kyushu, Japan.  Koponen et al. (1995) 
considered it aquatic in Finland, whereas Virtanen (1995) 
reported it to be common in both Finnish streams and other 
wet habitats.  Koppe (1945) reported it in water in 
Westfalens, northwestern Germany.  Ferreira et al. (2008) 
simply reported it from rivers.  Weber (1976) found S. 
undulata to be confined to submerged or emergent rocks 
(Figure 129-Figure 130) in the Cataracts Provincial Park, 
Newfoundland, Canada.  Its wide-ranging moisture 
requirements permit it to also occupy the narrow riverbank 
strip that is periodically submerged and exposed as the 
stream level changes, a zone in which it achieves its 
optimum growth in these streams.  It is even at least 
somewhat salt-tolerant, living where it becomes submersed 
in seawater at high tide, leading Shacklette (1961) to 
consider it to be a facultative halophyte. 
 
 
Figure 129.  Scapania undulata and habitat on rock just 
above the water.  Photo by Jean Faubert, with permission. 
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Figure 130.  Scapania undulata on rock in stream.  Photo by 




This species typically prefers upstream habitats.  It 
occurs in fast water of the River Rheidol, but it can't 
compete with flowering plants in slow water downstream 
(Jones 1955).  Holmes and Whitton (1975) found it to be 
among the most common bryophytes in the extreme upper 
reaches and tributaries of the River Tweed in the UK.  
Holmes and Whitton (1977) found it in the upper upstream 
of the River Swale in Yorkshire, UK, but in the River 
Tyne, UK, it was more scattered (Holmes & Whitton 
1981).  In northern England, it occurs in streams and rivers 
(Wehr 1983).  Weekes et al. (2014) reported Scapania 
undulata (Figure 125-Figure 136) to be the most common 
bryophyte in small streams in Ireland, where it forms turfs 
(Figure 131).  It is among the commonest species in 





Figure 131.  Scapania undulata in a dry montane stream 
bed, showing how abundant it can become.  Photo by Michael 
Lüth, with permission. 
 
Figure 132.  Scapania undulata habitat on a dripping cliff.  
Photo by Dick Haaksma, with permission. 
Scapania undulata (Figure 125-Figure 136) has been 
well-known from other parts of Europe as well.  It occurs 
in European alpine streams (Figure 133), also generally 
being fast-flowing headwaters (Geissler 1975, 1976).  It 
has been reported from streams in Polish and Czech Sudety 
Mountains (Samecka-Cymerman & Kempers 1998) and 
Szoszkiewicz et al. (2018) found that Scapania undulata 
was among the three most abundant leafy liverworts in 
Tatra and Sudeten streams, with bryophytes being 
especially important to macroinvertebrates in the siliceous 
rivers of Tatra.  In the Maritsa River, Bulgaria, it is a 
hygrophyte in the upper course of the river where 
conductivity and sulfates had low values (Gecheva et al. 
2011) and is likewise reported from other Bulgarian rivers 
(Gecheva et al. 2010, 2013).  It occurs in streams in 
northeastern Finland (Heino & Virtanen 2006).  Virtanen 
(1995) found S. undulata to be "rather common" in the 8 
streams in his study in Lohja parish in southern Finland.  
Vieira et al. (2005) reported it from mountain streams of 
northwest Portugal, and it is common in mountain fluvial 
microhabitats of northwest and center-west Portugal 
(Vieira et al. 2012a), with Scapania undulata being among 
the most common species in 187 streams in Portugal 
(Vieira et al. 2012b).  This species also occurs in upstream 
areas in mountainous streams in Madeira Island off the 
northwest coast of Africa (Luis et al. 2015). 
 
 
Figure 133.  Alpine stream, northwestern Georgia, 
southeastern Europe.  Photo by Lodian, through Creative 
Commons. 
In the streams I have studied in eastern North America, 
Scapania undulata (Figure 125-Figure 136) was certainly 
the most common of the submersed liverworts.  In North 
 Chapter 1-3:  Aquatic and Wet Marchantiophyta, Order Jungermanniales:  Cephaloziineae 2 1-3-33 
America, it occurs in fast-flowing streams in the 
Adirondack Mountains, USA, streams (Slack & Glime 
1985; Glime et al. 1987).  Glime (1970) likewise found it 
to be the dominant bryophyte at upstream locations with 
fast water and an absence of tracheophytic macrophytes in 
the headwaters of a New Hampshire, USA, stream.  In 
Quaker Run, a stream originating at 700 m asl near the 
Pennsylvania-New York border, S. undulata  covers many 
of the small rocks that are submerged in the stream, 
forming luxurious mats (Matthews 1932).  Lanfear (1933) 
reported it as submerged in deep, swift, clear water in 
Pennsylvania, USA.  Knapp and Lowe (2009) found it in 
streams in the Great Smoky Mountains National Park, 
Kentucky, USA.  Porter (1933) reported it submerged in a 
small stream in Albany County, Wyoming, USA, attached 
to rocks.  
On the other hand, it is dominant not only in middle 
and upstream reaches, but also in lower stream reaches in 
the Harz Mountains of Germany (Bley 1987) and 
midstream in the unpolluted upper and middle parts of 
streams of eastern Odenwald and southern Spessart 
(Philippi 1987). 
It can survive permanent submergence (Schuster 
1974).  But it can also survive in the constant spray of 
water near a waterfall of Upper Bureya River in the 
Russian Far East (Konstantinova et al. 2002).  Hence, one 
can frequently find it on emergent rocks where it remains 
wet even when above water (Figure 134-Figure 136). 
 
 
Figure 134.  Scapania undulata on rock in stream.  Photo by 
Michael Kesl, through Creative Commons. 
 
Figure 135.  Scapania undulata on the sides of a rock, partly 
in and partly out of water, at Cranberry Lake, New York, USA.  
Photo by Janice Glime. 
 
Figure 136.  Scapania undulata partially submersed at 
Cranberry Lake, New York, USA.  Photo by Janice Glime. 
While Scapania undulata (Figure 125-Figure 136) is 
often the most common or abundant liverwort in streams, 
in upland Welsh streams it was surpassed by Nardia 
compressa (Figure 137) (71% cover) compared to its 23% 
cover (Wilkinson & Ormerod 1994).  The researchers 
found that acidification and subsequent liming changed the 
bryophyte community composition, with N. compressa 
decreasing.  However, in the five years following liming, 




Figure 137.  Nardia compressa a species that can surpass 
Scapania undulata in upland Welsh streams.  Photo by Barry 
Stewart, with permission. 
Hall et al. (2001) used TWINSPAN to asses the 
important parameters determining the suitable streams for 
plants, including bryophytes.  For Scapania undulata 
(Figure 125-Figure 136), these include an area of medium 
percent open water, lowest pH, and lowest mean height 
above water table.  As noted earlier, S. undulata occupied 
a lower mean height above water table than did S. nemorea 
(Figure 71-Figure 79). 
 
Lakes 
Although it is almost always associated with running 
water, this species is not restricted to streams.  It occurs to 
5 m depth in a Yorkshire, UK, reservoir, and in small lakes 
with low ion concentration in Scottish mountains with ice 
cover 4-7 months of the year (Light 1975).  At the margins 
of large lakes wave action seems to replace running water 
1-3-34 Chapter 1-3:  Aquatic and Wet Marchantiophyta, Order Jungermanniales:  Cephaloziineae 2 
(Schuster 1974).  It is particularly common at the water's 
edge where spray from the water keeps it constantly wet.   
Nygaard (1965) reported Scapania undulata var. 
purpurascens as rare in the deepwater of a lake at 11.5 m 
deep.  This variety no longer has taxonomic status.  
Nygaard commented that the clear lake was disappointing 
for fishing, with perch being the only fish present. 
Scapania undulata (Figure 125-Figure 136) is 
abundant in and out of water on rocks and stones at lake 
margins and on boggy shores (Figure 138) in Scotland 





Figure 138.  Scapania undulata as it could appear on boggy 
shores or lake margins.  Photo by Michael Lüth, with permission. 
Associations 
Marstaller (1987) found it as part of the 
Platyhypnidium (Figure 139)-Fontinalis antipyretica  
(Figure 161) association in streams in Thuringia, Germany.  
Gregor and Wolf (2001) likewise found it in locations 
where these two species also occurred.  I have frequently 
found it in Appalachian Mountain streams, USA, where 




Figure 139.  Platyhypnidium riparioides; Scapania 
undulata frequents streams with this species and Fontinalis 
antipyretica.  Photo by David T. Holyoak, with permission. 
 
Figure 140.  Fontinalis dalecarlica, a species characteristic 
of streams that also have Scapania undulata.  Photo by Janice 
Glime. 
 
Because of their ubiquity and ability to become 
relatively abundant, the plants of Scapania undulata 
(Figure 125-Figure 136) have been useful accumulator 
plants for inorganic xenobiotics (substances foreign to 
body or to ecological system)  in the Tatra streams, Poland 
(Samecka-Cymerman et al. 2007).  In Portugal, Vieira et 
al. (2012a) used it, along with Platyhypnidium lusitanicum 
(Figure 141), Fissidens polyphyllus (Figure 142), and 
Fontinalis (Figure 140), as characteristic bryophytes to 
assess the fluvial status of mountain streams.  Lang and 
Murphy (2012) considered S. undulata to be an indicator 
of upland oligotrophic (relatively low in plant nutrients) 




Figure 141.  Platyhypnidium lusitanicum, one of the species 
used to assess fluvial status in Portuguese streams.  Photo by 
Barry Stewart, with permission. 
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Figure 142.  Fissidens polyphyllus, one of the species used 
to assess fluvial status in Portuguese streams.  Photo by David T. 
Holyoak, with permission. 
Spitale (2009) found that seasons affect the 
competition vs facilitation of bryophyte community 
members.  As seasons change, so does the water level.  
Spitale tested the effects of these changes on two species 
adjacent to the moss Warnstorfia exannulata (Figure 143):  
Sphagnum warnstorfii (Figure 144) and Scapania 
undulata (Figure 125-Figure 136).  However, he was 
unable to show that the seasonal water gradient affected the 
competition vs facilitation relationships.  Nevertheless, 
climatic fluctuations that affected the length of the water 
gradient also changed the competitive hierarchies of these 




Figure 143.  Warnstorfia exannulata, a species subjected to 
water level fluctuations.  Photo by Michael Lüth, with permission. 
pH 
Scapania undulata (Figure 125-Figure 136) is almost 
entirely restricted to acidic rocks, but in the Lake Superior 
region it may be closely adjacent to basaltic, neutral to 
basic rock outcrops.  Tremp and Kohler (1991) found it 
submersed in low-buffered water of streams.  It occurs in 
waters affected by mineralization zones in the Sudeten Mts, 
Poland (Samecka-Cymerman & Kempers 1993) and its 
preferred pH range is 3.89-6.6 in West Virginia, USA, 
mountain streams (Stephenson et al. 1995).  It can also 
occur in acid waters in Japan (Satake et al. 1989a).  
Shilland and Monteith (2010) found that Scapania 
undulata increased in cover of the stream bed during their 




Figure 144.  Sphagnum warnstorfii, a species, along with 
Scapania undulata, that occurs in locations with water level 
fluctuations.  Photo by Michael Lüth, with permission. 
In Denmark it occurs in streaming water at pH 7.2 
(Sørensen 1948), whereas it is an acidophilic (pH 4.0-6.0) 
hydroamphibiont in streams of Gory Stolowe Mountains, 
Poland (Szweykowski 1951).  Hübschmann (1957) 
reported it from acid water in the mountains, and Glime 
(1968) reported it from acid springs and brooks in the 
Appalachian Mountains, USA.  Papp et al. (2006) likewise 
found that it prefers waters with low concentrations of 
dissolved minerals in the Iskur River, and its main 
tributaries, in Bulgaria.  Weekes et al. (2014) found it to be 
a strong indicator species of non-calcareous conditions.   
Scapania undulata (Figure 125-Figure 136) had the 
highest constancy value of the macrophytes identified to 
species in the study by Weekes et al. (2014).  The species 
was typically associated with Racomitrium aciculare 
(Figure 145) and Hyocomium armoricum (Figure 146), all 




Figure 145.  Racomitrium aciculare, a species often 
associated with Scapania undulata.  Photo by Michael Lüth, with 
permission. 
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Figure 146.  Hyocomium armoricum, a species often 
associated with Scapania undulata.  Photo by Dick Haaksma, 
with permission. 
Scarlett and O'Hare (2006) found that Scapania 
undulata (Figure 125-Figure 136) distribution is correlated 
with low cation concentrations in the Bosge and Black 
Forest mountains.  It is capable of regulating proton levels 
within the protoplasts and thus might serve as an indicator 
species for acidic geology. 
The pH of the water affects the sensitivity of the 
bryophyte to heavy metals.  Thiébaut et al. (2008) 
examined the cellular distribution of heavy metals in 
Scapania undulata (Figure 125-Figure 136) in two streams 
with different acidity (pH 5.20 & 6.57) in the Vosges 
Mountains in eastern France.  Little difference was 
observed in the apparent health of the liverwort, and it 
remained green in both streams.  However, in the most 
acidic stream lipid droplets accumulated in some of the leaf 
cells.  This acid-tolerant species accumulated more Fe and 
less toxic Al when compared to the non-acid-tolerant 
Platyhypnidium riparioides (Figure 139), where the 
relationship was reversed.  The researchers suggested that 
the ability to control metal uptake may help to explain the 
acid tolerance of some species of bryophytes. 
Stephenson et al. (1995) found that when the streams 
in their West Virginia mountain stream study had 
sandstone beds, the species diversity declined as the pH 
declined.  At pH 3.15, no bryophytes were present.  In the 
highly acidic streams, Scapania undulata (Figure 125-
Figure 136) predominated.  When transplanted from a 
stream with pH 5.97 to one with pH 3.15, ultrastructural 
damage was present within three months.  These streams 
also had a heavy load of SO4 and Al that most likely 
contributed to the damage. 
In upland Welsh streams, Ormerod et al. (1987) 
likewise found that the bryophyte community composition 
related most strongly to pH and aluminium concentration.  
Scapania undulata (Figure 125-Figure 136) was 
characteristic of streams with a mean pH of 5.2-5.8.  
Streams with S. undulata generally had impoverished 
macroinvertebrate populations.  Since at least some of these 
invertebrates can feed successfully on the acid-tolerant 
plants such as S. undulata, the researchers postulated that it 
was the pH, and not the liverworts, that kept the 
invertebrates out of these streams. 
Water Relations 
 
Gupta (1977a) suggested that in Scapania undulata 
(Figure 125-Figure 136), the ability of reabsorbing solutes 
from damaged cells upon rewetting may help in survival.  
Gupta (1977b) also found that S. undulata exhibited a peak 
in photosynthesis after 6 hours of desiccation at 96.5% RH, 
whereas the more drought-resistant xerophytic Porella 
platyphylla (Figure 147) reached its peak after 2 hours.  
Both species continued to lose water up to 50 hours at that 
humidity.  Furthermore, at 84% relative humidity, S. 
undulata had few living cells remaining, but at 93% it had 
~3/4 of the cells still living (Clausen 1964).  Thus, it can be 






Figure 147.  Porella platyphylla, an epiphytic species that 





Figure 148.  Scapania undulata habitat, in this case, 
emergent but wet.  Photo by Dick Haaksma, with permission. 
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Figure 149.  Scapania undulata in Roaring Creek, West 
Virginia, USA, where it is only slightly above water and fully 
hydrated.  Photo by Janice Glime. 
Temperature 
 
The streams where Scapania undulata (Figure 125-
Figure 136) occurs demonstrate its ability to tolerate cold 




Figure 150.  Scapania undulata in an Appalachian stream 
with snow, showing its ability to tolerate low temperatures.  Photo 
by Janice Glime. 
Temperature affects the kinetics of nutrients and heavy 
metals.  Duncker (1976) found that the rate of uptake of 
zinc by dead Scapania undulata at 32ºC at zinc 
concentrations of 2 mg Lˉ1 was greater than that of live 
material at 14ºC.  There was some indication that uptake 
was also greater at 24ºC than at 14ºC in live material.  Such 
temperature differences can affect the rate at which the 
liverwort obtains nutrients in different seasons, but this 
needs to be explored. 
 
Photosynthetic Products 
We have little understanding of the role played by the 
various photosynthetic products produced by leafy 
liverworts.  Suleiman et al. (1980) noted the possibility that 
these products could be used taxonomically, identifying 
mannitol in Scapania undulata and volemitol and 
sedoheptulose in some other leafy liverworts.  These 
products are formed in addition to sucrose and fructans.  
But how do they relate to habitat adaptations, or do they? 
Reproduction 
 
We know somewhat more about the role of 
reproduction in permitting a species to live and prosper 
where it does.  Grainger (1947) discovered that Scapania 
undulata (Figure 125-Figure 136) produces its gametangia 
in the cold months of December to April in a stream near 
Huddersfield, England, with fertilization occurring near the 




Figure 151.  Scapania undulata with capsules.  Photo by 
Michael Lüth, with permission. 
Scapania undulata (Figure 125-Figure 136) is a 
dioicous species (Holá et al. 2014), making its fertilization 
difficult in its flowing water habitats.  Based on 100 plots 
in ten streams in southern Finland, the sex ratio was male 
biased, contrasting with the female-biased sex ratio of most 
dioicous bryophytes (Holá et al. 2014).  It was not unusual 
for plots to have only one sex.  Females produced only one 
sexual branch per shoot, and no sex-expressing branches 
also had gemmae.  The researchers interpreted this to 
indicate presence of a trade-off between sexual and asexual 
reproductive structures.  Nevertheless, sporophytes can be 
produced (Figure 152). 
 
 
Figure 152.  Scapania undulata with capsules.  Photo by 
Malcolm Storey, with online permission through DiscoverLife. 
The gemmae in this species are small, having only 1, 
or mostly 2, cells (Figure 153) (Potemkin 1998).  Their 
walls are thin and they vary from green to red (Figure 154). 
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Figure 153.  Scapania undulata gemmae on leaf.  Photo by 
Paul Davison, with permission. 
 
 
Figure 154.  Scapania undulata gemmae.  Photo by Paul 
Davison, with permission. 
But this species may have another, possibly more 
successful, means of reproduction.  Its detached leaves can 
germinate to produce new plants (Figure 155) (Glime 
1970).  This mechanism can permit wide dispersal in the 
stream and provide more surface area to help it attach in a 
new location.  It is also possible, but not yet demonstrated, 




Figure 155.  Scapania undulata plantlets on leaves from a 
stream in New Hampshire, USA.  Drawings by Flora Mace. 
Biochemistry 
 
Like so many liverworts, Scapania undulata (Figure 
125-Figure 136) has a variety of secondary compounds, 
including terpenoids (Huneck et al. 1986; Mues et al. 1988; 
Nagashima et al. 1993, 1994; Adio et al. 2004).  What we 
lack is an understanding of the biological importance of 
these compounds to the liverwort.  It is eaten by some 
caddisflies (Ito 1991), suggesting these compounds are at 




Pigments can be important to bryophytes to trap more 
light energy in low light and to protect the chlorophyll 
(Figure 156) and DNA in high light environments.  In 
direct sunlight, there is a dentate, pigmented form of 
Scapania undulata (Figure 157-Figure 158), but this 
expression seems to occur only north of the Southern 
Appalachians, USA (Schuster 1974).  This suggests that it 




Figure 156.  Scapania undulata showing non-red form.  
Photo by Michael Lüth, with permission. 
 
 
Figure 157.  Scapania undulata showing red pigments in a 
European population.  Photo by Michael Lüth, with permission. 
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Figure 158.  Scapania undulata, a pigmented form from 
Europe.  Photo by Michael Lüth, with permission. 
López and Carballeira (1989; see also Martínez-
Abaigar et al. 1994) found that the aquatic bryophytes they 
studied, including Scapania undulata (Figure 125-Figure 
136), exhibited higher chlorophyll concentrations than did 
terrestrial bryophytes.  Pigment ratios were indicators of 
stress from organic and metal pollution, with Scapania 
undulata being the most sensitive of the five bryophytes 
tested (although no other liverworts were included).  On the 
other hand, its chlorophyll a and b as a percent of dry 
weight did not decrease as a result of increasingly poor 
water quality. 
Martínez-Abaigar et al. (1994), in addition to 
supporting the higher concentration of chlorophyll in 
aquatic bryophytes compared to terrestrial ones, also 
demonstrated that concentrations in aquatic bryophytes, 
including Scapania undulata (Figure 125-Figure 136), 
were similar to those of epilithic river algae.  Chlorophyll 
a:b ratios and the carotenoid index were lower than in 
terrestrial bryophytes.  Of the 14 species of aquatic 
bryophytes tested, they found that S. undulata had a total 
chlorophyll content of 150±7 mg m² within a range of 97-
351 mg m² per shoot area.  In this species, the chlorophyll 
concentration increased in spring when shade developed 
and light decreased.  At the same time, the a/b ratio 
decreased due to an increase in chlorophyll b.  Chlorophyll 
b serves as an antenna pigment to capture more light 
energy. 
Martínez-Abaigar et al. (2009) attempted to show the 
effects of UV-B on six aquatic bryophytes, including 
Scapania undulata (Figure 125-Figure 136).  They found a 
greater response to the culture conditions than to the 
enhanced UV-B conditions.  However, the culture 
conditions did not impede growth.  UV-B affected some 
pigment variables, but did not affect photosynthetic 
performance or growth.  They attributed the muted 
response to the fact that these bryophytes were collected 
from high elevations where they were already acclimated to 
high light intensities. 
Kunz et al. (1993) reported the presence of riccionidin 
A in Scapania undulata (Figure 125-Figure 136), a 
pigment it shares with the floating liverwort Ricciocarpos 
natans (Figure 159) and the streambank liverwort 
Marchantia polymorpha (Figure 160). 
 
Figure 159.  Ricciocarpos natans, a species with the pigment 
riccionidin A.  Photo by Murray Fagg, Australian National 
Botanic Gardens, with online permission. 
 
 
Figure 160.  Marchantia polymorpha with gemmae, a 
species with the pigment riccionidin A.  Photo by Hermann 
Schachner, through Creative Commons. 
Nutrient Relations 
Nitrogen is often a limiting nutrient in streams.  In the 
Hubbard Brook Experimental Forest in New Hampshire, 
USA, Yakubik et al. (2000) tested the effect of nitrate 
releases on Scapania undulata (Figure 125-Figure 136) 
and its rate of nitrate uptake.  In low discharge releases 
there is more contact between the liverwort and the nitrate 
than in high discharge releases, thus affecting the ability of 
the liverwort to absorb and store the nitrate.  Thus, through 
removal the bryophytes had a greater effect on stream 
nitrate concentrations in low discharges. 
In addition to nitrogen experiments at the Hubbard 
Brook Experimental Forest, Meyer and Likens (1979) 
conducted similar experiments within the forest in the 
stream system.  They found that Scapania undulata 
(Figure 125-Figure 136) that occurred in first and second 
order streams readily absorbed P, another limiting nutrient 
in streams, from the water, even when it occurred in 
relatively low concentrations.  Inputs to these S. undulata 
streams were essentially balanced with outputs, resulting in 
no annual net retention of P in the stream. 
Vanderpoorten and Klein (1999) showed the 
importance of pH on the ability of bryophytes to tolerate 
minerals in the water.  Scapania undulata (Figure 125-
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Figure 136) can tolerate a neutral pH if the mineral 
concentration is low.  Such waters have low buffering 
capacity, causing greater responses to slight changes in the 
chemical balance.  This is consistent with its use as a 
bioindicator of oligotrophic, acidified to weakly acidified, 
and poorly buffered streams (Thiébaut & Muller 1999).  
Effluent from villages or trout hatcheries cause an increase 
of dissolved Mg++, K⁺, and NO3⁺, causing species like 
Scapania undulata to disappear (Vanderpoorten & Klein 
1999).  Hence, Grasmück et al. (1995) considered that S. 
undulata served as an indicator for weakly mineralized, 
oligotrophic water. 
Samecka-Cymerman et al. (2007) compared the effects 
of various substrates (granites/gneisses, 
limestones/dolomites, and sandstones) on absorption levels 
of an array of elements, including both nutrients and heavy 
metals.  The bryophytes from the Tatra mountains streams 
in Poland, including Scapania undulata (Figure 125-
Figure 136), varied in their behavior depending on the 
substrate.  Those from granites/gneisses had higher 
concentrations of Cd and Pb.  Those from sandstones had 
higher concentrations of Cr.  And those from 




Nutrients become toxic at higher levels.  Heavy metal 
pollutants typically exceed those levels.  Bryophytes are 
great accumulators, and in some cases they are able to 
sequester the heavy metals and survive.  In other cases, 
they die from the exposure.  For this reason, they can be 
used as bioindicators of heavy metals, or of clean water, 
and Scapania undulata (Figure 125-Figure 136) is a 
species that has been used in a number of bioindicator 
studies (Samecka-Cymerman 1989). 
When compared to Fissidens polyphyllus (Figure 
142), Fontinalis antipyretica (Figure 161), 
Platyhypnidium riparioides (Figure 139), and 
Brachythecium rivulare (Figure 162), Scapania undulata 
(Figure 125-Figure 136) had the highest accumulation 
capacity for heavy metals (López & Carballeira 1993).  
Metal accumulation is affected by the concentration of the 
metal in the water, pH, sulfate concentration, nitrite and 
ammonia, and filtrable reactive phosphate.  In their study, 
they found the relationship between concentration in the 
water and that in S. undulata to be statistically significant 
except for Cd, Pb, and Co. 
Vázquez et al. (1999) examined the distribution of a 
variety of heavy metals in the plants of Scapania undulata 
(Figure 125-Figure 136).  They found that for most metals, 
more was taken up by the extracellular compartment than 
the intracellular compartment; the particulate fraction was 
negligible.  The relationship between the metal 
concentration of the water and that of the liverwort 
followed Michaelis-Menten kinetics for enzymes, an 
asymptotic curve that increases with the concentration 
gradient.  They also found that heavy metal uptake caused 
considerable loss of intracellular K, probably due to 
membrane damage.  It also caused loss of extracellular Mg, 
most likely due to displacement on cation binding sites.  Of 
the species tested, loss of intracellular K was greatest in S. 
undulata.  By contrast, this species had the least loss of 
extracellular Mg. 
 
Figure 161.  Fontinalis antipyretica, a species that has less 
capacity for heavy metal accumulation than Scapania undulata.  
Photo by Dick Haaksma, with permission. 
 
 
Figure 162.  Brachythecium rivulare, a species that has less 
capacity for heavy metal accumulation than does Scapania 
undulata.  Photo by Michael Lüth, with permission. 
Satake et al. (1990) explored the effects of mercury 
sulfide crystals in Scapania undulata (Figure 125-Figure 
136).  In transplant studies, they found that mercury 
compounds accumulated in the cell walls.  Likewise, this 
species accumulated Pb in the cell wall, but not in the 
nucleus or other cell components (Satake et al. 1989b).  
They found that PbS was undetectable in the liverwort, but 
the insoluble PbSO4 accounted for ~3% of the total Pb in 
the shoots. 
Vincent et al. (2001) examined the effects of pH on 
accumulation of Al, Mn, Fe, Cu, Zn, Cd, and Pb 
in Scapania undulata (Figure 125-Figure 136) in the 
English Lake District.  They found that the metals had 
accumulated more in older parts of the plants, whereas the 
studies noted previously here used apical portions only.  
They found that there was greater aluminium accumulation 
in the two more acidic streams (pH 5.35 and 5.81).  Fe 
showed no preference.  Cu, Zn, and Cd accumulated mostly 
in the liverworts from the highest pH (7.26).  Pb 
accumulated most at the middle and highest pH.  The 
accumulation enrichment factor (amount of metal in 
plants divided by stream water concentration) followed the 
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sequence of Zn<Cd<Cu<Mn<Pb<Al<Fe, making Fe the 
most enriched. 
As in other studies, Duncker (1976) found that zinc 
uptake was correlated with concentration, reaching a 
saturation at 60 mg Lˉ1.  This was essentially constant after 
half an hour or two days.  Light affected the uptake rate at 
low concentrations, with a 15% greater rate in the light 
with a 1 mg Lˉ1 concentration.  Temperature seemed to 
affect the rate, but it was not definitive.  Duncker was 
unable to demonstrate any genetic differences in plants 
from high vs. low concentrations of zinc. 
Other Pollutants 
Scapania undulata (Figure 125-Figure 136) has also 
been used to assess fluoride in streams (Samecka-
Cymerman & Kempers 1990).  It has the ability to 
accumulate fluoride, dependent on the concentration in the 
water.  In water with a concentration of 250 ppm, the 
concentration in the plants increased by 21-67%. 
López and Carballeira (1989) found that, based on 
pigment contents among the five aquatic bryophytes they 
tested, Scapania undulata was the most sensitive to 
pollution.  On the other hand, Stephenson et al. (1995) 
found this species to have an exceptionally high tolerance 
to both acidity and toxic metals in their North American 
sites.  Could these be differences in physiological races? 
Disturbance 
Rudolf et al. (2012) noted that lower parts of streams 
in the Tatra Mountains of Slovakia are typically 
characterized by disturbance events, including road 
construction and use, clearings, buildings, avalanches, 
insect infestation (especially bark beetles), windthrows, and 
ski resorts.  Scapania undulata (Figure 125-Figure 136) 
was among the bryophytes that was present more than three 
times in their survey of 78 sites spread across 28 streams, 
with altitudes ranging 639-2002 m asl.  They also noted 
that nutrient relationships of stream bryophytes are poorly 
known, and that these disturbances often increase the 
nutrients in the streams. 
Role 
Scapania undulata (Figure 125-Figure 136)  serves in 
a variety of roles in streams, lakes, and other wetlands.  In 
streams, they are typically home to may insects and other 
aquatic invertebrates.  In my own experience, if the stream 
was suitable for S. undulata, the liverwort was suitable as a 
home for a variety of insects (Glime 1968, 1978). 
Some studies have demonstrated the use of Scapania 
undulata (Figure 125-Figure 136) as food for caddisflies 
(Cairns & Wells 2008).  A more interesting documentation 
is that several caddisflies use this species to make their 
cases (Glime 1968).  The species of liverwort depends on 
availability, with cases of Paleagapetus celsus from the 
eastern USA known from Scapania nemorea (Figure 71-
Figure 79) (Flint 1962; Glime 1978) and several other leafy 
liverworts, including S. undulata.  Ito (1998) found that all 
four species of Paleagapetus that he reviewed used 
Scapania undulata (and Chiloscyphus polyanthos – 
Figure 163) for their cases.  Ito (1991) found that 
Paleagapetus rotundatus feeds on the leaves and lives 
among the plants, preferentially.  It appears that all known 
members of the genus have this same strong dependence on 
leafy liverworts, including those in the eastern part of the 
former Soviet Union (Botosaneanu & Levanidova 1987), 
Japan (Ito & Hattori 1986; Ito 1988, 1991), and North 
America (Flint 1962; Glime 1978).  
 
 
Figure 163.  Chiloscyphus polyanthos, a leafy liverwort 
found in the cases of the caddisfly Paleagapetus spp.  Photo by 
Bernd Haynold, through Creative Commons. 
In Japan, the caddisfly Ptilocolepus granulatus 
(Figure 164) uses Scapania undulata (Figure 125-Figure 
136) (and Chiloscyphus polyanthos – Figure 163) to make 
its cases 
<https://www.youtube.com/watch?v=7uZBMz_Qyuk>, to 
serve as  its substrate, and to become food (Ito 1998; 
Waringer & Graf 2002).   Depisch (1999) and Ito and 
Higler (1993) also found that this caddisfly species 




Figure 164.  Larva of the caddisfly Ptilocolepus granulatus 
carrying its case made with leafy liverworts.  Photo by Michel-
Marie Solito de Solis, YouTube - permission needed. 
Habitat Summary 
It is difficult to describe the habitat of this species 
because of its variability.  In Connecticut, USA, it is  
hydrophytic in rock ravines and calciphobic along rivers 
(Nichols 1916).  On Cape Breton Island, Canada, it occurs 
in ravines (Nichols 1918).  Watson (1919) summarized the 
information known to him to describe the species as 
submerged in slow or fast water with poor mineral salts, 
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often in marshy places, on wet rocks or soil associated with 
fast water, occasionally submerged.  To these habitats, 
Verdoorn (1932) added that it occurs in water on emergent 
basket-ball-sized rocks in shallow water, an observation 
supported by Glime (1970) for occurrences on rocks just 
above and below the water surface of a headwater steam in 





The Scapaniaceae has four genera with members 
that occur in wet or aquatic habitats.  Of these, 
Scapania has the most aquatic members.  Among these, 
Scapania undulata is usually submersed and has been 
the subject of a variety of studies.  
The wetland and aquatic species of the 
Scapaniaceae can be found from the tropics to the 
Arctic, but in the tropics they are mostly confined to the 
high altitudes in the mountains.  They are relatively 
common at the interface of water and air, occurring on 
emergent rocks and stream banks.  Some are common 
in bogs, where they grow over or among the 
Sphagnum.  They can often develop red and brown 
pigments in response to prolonged bright sunlight.  
They mostly occur in cool or cold water and some can 
withstand temperatures down to -10ºC in ice for at least 
34 days.  Many produce abundant gemmae.  Some are 
associated with Mniaecia jungermanniae and other 
fungi. 
Some caddisflies use leaves of several species of 
Scapania to make their cases.  And some eat the leaves, 
despite the presence of antibiotics and potential 
antifeedants.  The aquatic species are usually good 
accumulators, often with a high tolerance to both 
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